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General radiation 
limits  

 
NbTi ~ 5 X 108 Gy  
 
Nb3Sn ~ 5 X 108 Gy plus 
 
Copper > 1010 Gy 
 
Ceramics > 109 Gy (Al2O3, 
MgO, etc) 
 
Organics ~106 to 108 Gy 



 
 

A comparison between the critical-current degradation of NbTi and 
Nb3Sn for identical 30-GeV-proton irradiations and anneals. The 
critical currents were determined at 4 T. Anneals are for 273 K for the 
low-fluence point, and for 77 and 273 K for the high-fluence data. 
(After Snead 1978.) 



 
 

 
 



 

 
 

 



Goal: 
 

Make the 
superconductor the 

weak link 
 



 

 
 



 



 



 

 



 
 
 

 



 



 



 

 
 

Schematic of an internally anodized CICC coil. 
 

Anodic layer exaggerated for clarity. 



 

 



 

 
 

Anodizing Set Up



 

 
 

Polyvinyl alcohol film used as a slip-plane for 
cable insertion dissolves in hot water



 

 
 

Internally anodized coil in test fixture 



 
 

Coil test fixture at MIT



 

 
 

 
 

Measured currents in test coil 
Note: Vendors specifications are guaranteed 
currents



 

 



 
 

 
 

Using the upper line for low-field-optimized 
conduction increases critical currents without 
increasing fill-factor 



 

 



 

 



 





MICICC example: 
 
KSTAR:  
25.7 X 25.7 mm2 CICC 
35.2 kA @7.5 T 
= 53 A/mm2 per CICC 
 
add 1 mm MgO and 1 mm SS 
= 40 A/mm2 but includes 
insulation 



 
ITER CS Model Coil 
50.9 X 50.9 CICC 
43 kA @ 13 T 
= 16.6 A/mm2 
 
with MgO and SS 
= 14.3 A/mm2 with insulation 
 
Stress? 
 





Summary 
 
Internal anodized CICC looks 
promising 
 
Radiation resistant epoxies for lesser 
radiation environments 
 
Metal oxide CICC another possibility, 
especially for Nb3Sn 
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